(RECEIVED FOR PUBLICATION APRIL 20, 1959) In recent years it has become accepted that asthma is not the benign disorder which leads to discomfort but never to death that it was thought to be 30 years ago. Following the pioneer paper of Huber and Koessler (1922) , a number of workers have published series of fatal cases and commented on the pathological findings. This literature has been reviewed by Unger (1952) , by Earle (1953) , and by Robertson and Sinclair (1954) and more recent reports are those of Alexander (1958) and Williams and Leopold (1958) .
It is obvious from a study of 
MATERIAL AND METHODS
This study is based on the findings in 68 fatal cases of asthma, most of which had been observed during life by one of us for many years: 22 of these are referred to in a recent survey (Pearson, 1958) . In each case death was considered, on clinical grounds, to be directly or indirectly related to the asthmatic state from which the patient suffered.
The word "asthma" is used here to signify a symptom complex characterized by attacks of dyspnoea of long or short duration, associated with widespread expiratory wheezing rhonchi, intermittent at least in the early stages, though persistent in the terminal phases in some long-standing cases. In most cases the asthma appeared to be primary. In 16 cases, however, asthma apparently developed secondary to bronchitis. It is considered that the phrase " asthma secondary to bronchitis" indicates more clearly the conception we have in mind than two other terms in common use. " Asthmatic bronchitis" leaves some doubt as to which is the primary disease: "bronchitis with bronchospasm " implies a knowledge of functional pathology that we do not possess and is almost certainly incorrect since oedema and mucus plugging in these cases are at least as likely as muscle spasm to cause respiratory obstruction.
Post-mortem examination was performed on 43 cases. In 31 cases the necropsy was carried out by one of us or material was available for study, and the detailed observations on pathology are based on this group: some of these cases were included in an earlier report (Cardell, 1956) . Particular attention was paid to examination of the lungs and in many cases paper-mounted whole lung sections were prepared using the technique introduced by Gough (Gough and Wentworth, 1949; Gough, 1957-58) . In addition, information about the macroscopic findings was available on eight necropsies undertaken by pathologists at the request of the coroner and on four necropsies carried out at other hospitals.
CLINICAL FEATURES
The mnain clinical features of individual cases in this series are summarized in Table I . The overall sex incidence was equal (males, 35; females, 33) . In cases of primary asthma female deaths exceeded male deaths up to the age of 40 years (males, nine; females, 14) whereas the sex incidence was equal after that age (males, 14; females, 15). In deaths from asthma secondary to bronchitis males exceed females (males, 13 females, three).
In Table II the cases are grouped, by decades, according to both age at onset of asthma and age at death. It can be seen that more patients died in the sixth decade than in any other: if the figures for primary asthma are considered separately, by subtracting the figures in brackets from the totals, the fifth decade is the peak period. The onset in patients dying from primary asthma was usually in the first three decades and death occurred before the age of 50, whereas in those in whom asthma was secondary to bronchitis it rarely started before 50 years of age. In all cases in this group pus was repeatedly found in the sputum from which a variety of pathogenic bacteria were cultured, including Staphylococcus aureus in five, Streptococcus pneumoniae in three, Haemophilus para-influenzae in two, and Haemophilus influenzae and Escherichia coli once each: in three cases pathogens were not obtained. Other features included a significant emotional factor in nine cases, a family history of asthma in four, mild allergic sensitivity in four, and nasal polyps in two. Eight patients had high blood eosinophil counts ranging from 540 to 1,900 per c.mm. Asthmatic attacks tended to be long and sputum was never copious. These cases correspond closely with the " intrinsic " group of cases described by Rackemann (1944) .
Nine of these patients died in status asthmaticus or acute attacks of asthma: one (Case 52) with persistent low-grade asthma died unexpectedly within a few minutes of setting up an intravenous infusion of corticotrophin, one (Case 22) died from pneumonia after an operation to remove an emphysematous cyst from the right lung, and one (Case 47) died immediately after an operation for resection of the posterior pulmonary plexus for chronic asthma. The exact cause of death was obscure in a man of 49 with severe terminal attacks of bronchitis associated with emphysema. Relief was obtained on a number of occasions only after intravenous administration of corticotrophin. In his final illness, though bronchial obstruction was relieved, the patient remained anoxic with a low blood pressure collagen. There is a cellular infiltration of the whole thickness of the bronchial wall by eosinophil leucocytes and sometimes quite numerous plasma cells.
The bronchioles show somewhat similar lesions (Fig. 4) Haematoxylin and series occurred in the fifth decade. One further important feature emerges on analysis of ages at onset of asthma and age at death. Reference to Tables I and II and to other published cases shows that many patients dying in the fifth to seventh decades have a short history. The mean period between onset of primary asthma and death in our 28 cases with onset before 20 years of age was 27.2 years, compared with 6.4 years in our 24 cases with onset after the age of 40. This point, that cases with onset of asthma after 40 years of age run a short course, was first made by Rackemann (1944) , who referred to them as suffering from " asthma gravis." A point of considerable importance is that previous attacks of status asthmaticus had been recorded in 42 of the 54 patients dying directly from asthma and in six of the remaining 12 cases. The frequency of previous attacks of status asthmaticus in fatal cases has also been noted by Pearson (1958) and Williams and Leopold (1958) . In contrast to those whose illness was brief and 349 group.bmj.com on October 19, 2017 -Published by http://thorax.bmj.com/ Downloaded from stormy throughout, there were others in whom attacks of status asthmaticus developed suddenly after years of mild,-easily controlled asthma, in one case after an interval of 50 years of complete freedom from attacks. In five patients (Cases 19, 21, 32, 39, and 43) a single sudden acute attack in the course of otherwise mild disease led to a fatal termination; two of these were after operation. Patients with status asthmaticus sometimes died suddenly and unexpectedly in the recovery phase after partial control had been achieved. Attention is drawn to the fact that death in status asthmaticus is not uncommonly associated with pathological changes, such as pulmonary infection or bronchiectasis or cor pulmonale, which are only indirectly related to asthma.
Three of our patients (Cases 7, 25, and 52) died from constitutional reactions to pollen, "pyelectan," and corticotrophin respectively, administered therapeutically or for diagnostic purposes.
This hazard in asthmatics is an important one to recognize, as pointed out by Midttun (1954) and Bruun (1955) . Four patients died post-operatively, two (Cases 22 and 47) after surgery carried out for asthma, and two (Cases 19 and 21) of asthma after surgery for unrelated conditions.
On clinical grounds patients could be placed in three main groups: (1) Cases with evidence of allergic sensitivity of extrinsic origin and includes the patients with flexural eczema and pollen or other allergic sensitivities; (2) cases with no clear evidence of extrinsic precipitating factors who correspond to Rackemann's " intrinsic cases " and includes our groups labelled psychological, infective, and indeterminate; (3) cases in which asthma developed secondary to bronchitis (secondary asthma). Table V shows some of the similarities and differences between these groups. The main differences appear to be the higher incidence of family history of asthma among the extrinsic group and the earlier age of onset and death in this Although distension of the lungs was noted in all patients dying from asthma, not all showed emphysema. In our cases of uncomplicated asthma the lungs showed only distension: this had been noted by Gough (1951) , who described the lungs of these cases as simply overdistended and likened them to those of a drowned person. True emphysema with destruction of alveolar walls was found only in cases with evidence of fibrosis following bronchitis or pneumonia. From Table III it can be seen that a history of repeated respiratory infection is more common in Groups lb and II than Group Ia. This finding is in accord with the observation of Leopold and Gough (1957) that the centrilobular form of emphysema is related to chronic bronchitis.
The importance of respiratory infections in asthmatics is also shown in other ways. Death from uncomplicated asthma was relatively uncommon in our series: well over half the patients dying in an attack of asthma had evidence of lung damage due to infection, and among asthmatics not dying in an attack of asthma the majority died as a direct result of pulmonary infection or its sequelae. Of the 160 cases from the literature reviewed by Earle (1953) , 35% were said to be examples of uncomplicated asthma. This figure is certainly too high, for in some of the cases right ventricular hypertrophy was noted and some of the series reviewed were concerned only with cases dying in an attack of asthma. More accurate figures can be obtained by combining the series of Thieme and Sheldon (1938), Rackemann (1944) , Gay (1946) , and Winer, Beakey, and Segal (1950) where individual causes of death are given for a total of 137 patients. These four papers considered all modes of death in large series of patients with asthma and were not confined to those dying in an attack of asthma. Forty per cent. died in an attack of asthma but 13% also had some pulmonary infection or other complications, 37% died as a result of pulmonary infection or its sequelae, and, of the remainder dying from intercurrent disease, 16 % had some pulmonary lesions due to infection. The figures cited relate to " major causes of death " and no doubt the pure asthma group included some cases with lung lesions not advanced enough to be labelled as major. Deaths from genuinely uncomplicated asthma would thus be less than 26% of the total, whilst major lung lesions due to infection were present in 66%.
Bronchial and pulmonary infections are thus a bad omen in a patient with asthma. They 
